Background
Increasing market competition, environmental concerns, changing customer requirements, and the emergence of new laws for end-of-life product management have led companies to seek new ways to maintain and expand their market share [1] . In this context, the adoption of product end-of-life strategies, which include recycling, reusing, and remanufacturing, have gained increasing importance in day-to-day business.
In reuse, according to Rose [2] , the product and/or components are used immediately after their first cycle, i.e., they are second-hand goods. On the other hand, according to Thierry et al. [3] , the purpose of recycling is to enable the reuse of the materials of used products and their components. In this case, the built-in energy, identity, and functionality of products and components are lost. Remanufacturing, however, preserves the shape and added value of products since the remanufactured product should be used for the same purpose it had during its original life cycle [4] . In remanufacturing, the used product returns to the production line, where it is disassembled, cleaned, reconditioned, inspected, and reassembled to ensure that the remanufactured product has the same quality as a new one. Additionally, less effort and resources are required for the recovery of products and their components compared with other product end-of-life strategies [5] .
Among these strategies, remanufacturing is one of the preferable alternatives [6] since the remanufacturing process preserves part of the raw materials and value added to the product during its fabrication, allowing companies to increase their productivity and profitability [7] . Hence, in view of its environmental and economic benefits, remanufacturing is gaining significant ground in the global scenario.
However, it is difficult to achieve an integrated and systematic vision of all the issues involved in remanufacturing. Remanufacturing is a complex business due to the high degree of uncertainty in the production process, mainly caused by two factors: the quantity and the quality of returned products. Clearly, the lack of an integrated perspective of remanufacturing limits the possibilities for companies to evaluate and decide about whether or not to offer remanufactured products [8] .
The potential of remanufacturing is underexploited in Brazil. There are still only few Brazilian companies showing awareness of environmental issues and commitment to the fate of the used products they manufacture, although this situation is expected to change soon pursuant to the newly enacted National Policy on Solid Waste. Acting to change this situation, these companies can increase the degree of competitiveness vis-à-vis foreign companies, gain new customers, and survive in the market, as well as contribute toward more sustainable production and consumption.
Companies find it difficult to implement and consolidate remanufacturing for several reasons, including a lack of knowledge about the theme, a lack of consideration about the strategic issues of remanufacturing [8] , and the scantiness of studies indicating how to implement it [6] . Thus, it is clear that this theme, which is a new one especially for Brazilian companies, is in its exploratory phase, which explains the importance of a structured review of the literature about remanufacturing.
In this paper, remanufacturing is treated as a system. A system is considered a set of interdependent elements that interact to achieve an objective and perform a given function. It is the elements and their relationships to each other that determine how the system works, forming a unitary, organized, and complex whole [9] .
The majority of authors discuss isolated elements of remanufacturing, making it difficult to gain an integrated view of them, which are treated separately and in different contexts. It is believed that the conceptuation of a model for the remanufacturing system can help companies understand and implement remanufacturing. In agreement with Östlin [10] , characterizing the remanufacturing system contributes substantially toward understanding the problems and difficulties involved in remanufacturing.
Thus, the objective of this work is to organize the body of knowledge about remanufacturing by means of a model that offers a vision of the remanufacturing system, the elements in this system, and how they interact with each other, contributing toward an integrated view of the theme. This paper is divided into introduction and context. The next section presents a literature review about remanufacturing, with the findings organized so as to draw up a model of the remanufacturing system. The elements of this system are characterized, and their difficulties and practices described, as well as their interdependencies and interconnections.
Method
This work was developed based on General System Theory [11] and by means of a cross-analysis of the elements and characteristics of remanufacturing found in the literature review. Since we intend to present these elements within a systemic vision, we use the General System Theory, the objective of which is to study the elements that make up a system as well as the interactions between them [11] . Studying each element separately does not lead to an exact conclusion of the system in which these elements are inserted for their interactions are fundamental to understanding the system as a whole. As we found in the literature, this is the case of papers that deal with remanufacturing, which in the most part discuss its elements separately.
General System Theory arose from the need to understand the problems of today's complex world; however, analyzing them separately and dealing with them piecemeal to fit theoretical problems and problems resulting from modern technology does not suffice. A system, or 'organized complexity' , can be defined as a set of elements governed by 'strong interactions' [11] . Uhlmann [12] , based on Bertalanffy, sees a system as a set of elements interrelated to each other and to the environment. The next section presents our literature review about remanufacturing, in which concepts are organized to define and characterize the remanufacturing system and the elements that make up this system.
Remanufacturing system
An organizational system can be considered a set of dynamic and interdependent parts and functions with shared objectives. These systems are open and may belong to larger systems and contain smaller ones. They present specific objectives and complex structures. Since a system is larger than the sum of its parts, the investigation of any part of a system should involve it as a whole.
The remanufacturing system proposed here is inspired by Östlin [10] . According to this author, this system begins with the collection of the used product or parts, also named as core, followed by its remanufacturing and delivery of the remanufactured product to the client. Thus, the remanufacturing system comprises internal processes, such as the remanufacturing operation, and external processes involving the collection of cores and delivery of the remanufactured product.
Seeking to complement Östlin's proposal [10] , this paper proposes the following elements and sub-elements for the remanufacturing system: Figure 1 illustrates the proposed remanufacturing system. The first element is the design for remanufacturing, which is part of the product development process and is responsible for the product's design, with a view to its end of life and how to facilitate its remanufacturing (e.g., facilitate disassembly). This element provides information for the reverse supply chain, particularly for element 5 (remanufacturing operation; e.g., disassembly sequence). The reverse supply chain, in turn, is composed of two sub-elements: acquisition/relationship with the core supplier and reverse logistics. The last element is the commercialization of the remanufactured product. Among these elements, there are both information and material flows. The main actor of this system is the end client, who becomes the supplier at the end of life of the product.
Given the importance and influence of the information flow throughout the remanufacturing system, it is also considered an element that permeates and interconnects all the others. The flow of materials was not mentioned as an element because it is mainly part of the sub-elements of the reverse supply chain. It should also be kept in mind that a crucial factor for the feasibility of the system is the employees' knowledge and skills in remanufacturing (element 4), which are required in all the processes. Each of the aforementioned elements is characterized in the following items, describing their characteristics, difficulties, and practices.
Element 1: design for remanufacturing Characteristics
Approximately 80% of the environmental impacts of products are determined during their development, more specifically in the concept phase, which emphasizes the responsibility of product development teams to address issues related to the service life of products [14] . This underlines the importance of designing the product considering the most suitable end-of-life strategies for their reuse after their use, such as remanufacturing [15] .
A variety of pressures challenge companies to alter their product development paradigms. The sanction of legislation on manufacturer responsibility, allied to increasing global competition and the potential for the recovery of used products to make use of their residual value, encourages companies to design products with greater durability and facility to reuse them at their end of life [16] .
For Andrue (in [16] ), remanufacturable products have the following characteristics:
• The product contains a component or part that allows for its reuse. • There is availability in the supply of such components or parts. • The product and/or its parts can be disassembled and reused according to the original specifications. • The product and/or its parts has high added value in relation to its market value and its original cost. • The product and the process are stable.
Examples of the product's characteristics that affect remanufacturing, identified by Ijomah et al. [16] , are listed below:
• Technological changes: At the time the product is to be remanufactured, its technology may have become obsolete. If the product cannot be updated during remanufacturing, its reuse is unnecessary. Figure 1 Remanufacturing system model (adapted from [13] ).
• Business model of services: Development of business model that allows for a combination of products and services, e.g., a product service system. • Environmental legislation: This type of legislation may require companies to reuse the product at its end of life and make it more expensive to discard, for instance.
During product conception, it is important to take into account strategies for updating the product due to rapid changes in technology as well as clients' needs. In this case, too, design for remanufacturing can give companies a significant market advantage [15] .
Integrating the design for remanufacturing in the product development process optimizes the achievement of the benefits of remanufacturing by companies (reduction of energy, materials and wastes, among others). This is the case of companies such as Xerox Corporation (Norwalk, USA), which recognizes this factor as an opportunity to obtain competitive advantages [15] .
Difficulties and practices
Many of the challenges related to remanufacturing are consequences of how the products were designed [16, 17] . In order to support the company's product development process, several ecodesign methods and tools have been developed, which consider remanufacturing and product end-of-life issues [18] .
Interdependence and interaction among the elements
A limiting factor for putting design for remanufacturing into practice is the low level of knowledge of product designers concerning about end-of-life strategies, such as a remanufacturing. This is due to the fact that a product's conception is usually centered on its functionality and costs, in detriment to environmental issues [16] . Thus, this indicates a relationship between the elements' design for remanufacturing and employees' knowledge and skills.
It should also be noted that to perform design for remanufacturing, product designers require specific expertise to develop the product with a view to its easy future remanufacture, in other words, to facilitate the efficient execution of the remanufacturing operation.
Element 2: reverse supply chain Characteristics
According to Guide and Van Wassenhove [19] , RSC is a set of stages needed to collect the core, followed by the application of the desired end-of-life strategy (remanufacturing, reuse, recycling or disposal) [1] . Driven by cost reductions through product reuse and by the customer's heightened perception of value, many supply chains have increased their involvement in activities that go beyond the product's service life, extending its life cycle [20] .
The RSC begins with the collection of products from clients and/or companies in different links of the supply chain, and collection sources tend to be geographically dispersed. The next phase involves inspection or tests performed at the collection site, at a receiving center, or at the site where the product will be reused. At this point, a decision is made about the destination of the collected product, which presents various possibilities of reuse, such as remanufacturing [21] .
An example of how a reverse supply chain works is described by Guide and Van Wassenhove [22] . To reuse used mobile phones, it is necessary first to gain access to a sufficient number of telephones of suitable quality and at the right price (acquisition of the used product). The telephones must be transported and stored (reverse logistics); after which, an end-of-life strategy is selected for the product (including remanufacturing). After they have been remanufactured (remanufacturing operation), product commercialization strategies are devised. Some recommendations to achieve efficiency in the reverse supply chain are the following [23] :
• Structure a team specialized in contacts with the used product supplier, with a view to standardizing the processes involved in the collection and increasing these products' chances for reuse; • Make a forecast of the time of return of the product, which may be based on its sales and its service life; • Align the reverse supply chain with the direct supply chain and achieve the effectiveness of the activities of a closed-loop supply chain.
Difficulties and practices
The phases of the RSC are treated as a series of independent stages that are dealt with separately, without considering their integrated nature. Moreover, business and academia are doing very little about the strategic issues of the RSC [1] . The majority of studies are centered on technical and operational issues since the focus on technical activities is attractive for initial investigations [22] . Because RSCs are not yet part of the core competencies of companies, it is difficult to organize and align their stages, obtain the necessary resources, and catch the attention of top management. The direct supply chain requires similar requisites, but the issues and the context of reverse supply chains are still little understood, more complex, and receive scanty attention [1] .
The reverse supply chain presents some characteristics that make managing and planning its stages and activities complex. For example, when a company collects cores, its supplier is usually the end client, which makes it difficult to gain access to a sufficient number of cores at the moment of return. Another complication is the quality of these cores, which requires efficient inspection [24] . In addition, there is the need to disassemble the collected products, to set up a reverse logistics network, and to deal with the high variability in processing times [25] .
Sub-elements of the RSC
The sub-elements of the RSC considered in this paper, which were adapted from the works of Guide and Van Wassenhove [22] , and Blackburn et al. [26] , are the following:
• Acquisition/relationship with the used product supplier: contact with the supplier for the acquisition of cores by the remanufacturer; • Reverse logistics: the activities of transport, storage, and distribution of the products that will be reused.
Acquisition/relationship with the used product supplier 1. Characteristics. Sundin et al. [27] concluded that the remanufacturer's relationship with his supplier of cores is an extremely important aspect for the effectiveness of the business, which is consistent with the findings of Östlin et al. [28] . 2. Difficulties and practices. If the collected product is destined for remanufacturing, it is important to emphasize that before the product is selected for return by the reverse flow, its remanufacturability should be 'pre-assessed' to avoid it being transported without it serving for reuse, which would incur additional costs. This trade-off between potential reuse and additional costs is difficult and requires employees with certain skills and experience [29] . Employees that perform this pre-assessment should be part of the team responsible for collecting cores because if the product's remanufacturability is evaluated at the remanufacturing company and this product is deemed unfit for reuse, its transportation to the company will have been unnecessary.
The large number of suppliers of small quantities of cores and the diversity of their conditions makes it difficult for the companies that receive them for remanufacturing to control their quality, as does the lack of closeness in the relationship between the remanufacturer and his supplier. Moreover, when selecting their suppliers, many remanufacturers choose the ones that offer the lowest prices [6] . This may lead to the purchase of cores in poor conditions to be remanufactured.
In some cases, the suppliers of cores are the clients that discard the product due to its end-of-service life or for other reasons, such as the launch of a more modern product. In this case, there are some problems concerning the lack of motivation to get these customers to return used products to remanufacturing companies [30] . Below are some situations that may influence this lack of motivation:
• The remanufacturer's lack of contact with the client [28] ;
• The client's lack of knowledge and confidence about remanufacturing [31] , e.g., the economic and environmental advantages of remanufacturing.
Thus, companies that want to succeed should think about remanufacturing strategies that encourage the client to make this return and that bring him close to the remanufacturing company [28] .
Reverse logistics

Characteristics. According to the Council of Logistics
Management [32] , reverse logistics is the process of planning, implementing, and effectively controlling the flow of components, materials undergoing processing, end product, and related information from the consumption point to the source point [23] . 2. Difficulties and practices. Reverse logistics is one of the great challenges of the remanufacturing system due to the difficulty in predicting product volumes, return times, and quality conditions, which makes planning of the remanufacturing operation difficult [24] . In recent years, RL has received more attention from managers due to its strategic implications [33] .
Some of the issues that make it difficult for companies to implement RL are the lack of a system that integrates the activities of direct and reverse logistics [34] , the difficulty of measuring the impact and of controlling the return of products and materials, and the fact that reverse flow is considered a cost for companies and therefore is given little or no priority as a business strategy [32] . The costs of reverse logistics activities can rely on different actors. The company that will remanufacture can be the one to handle with this cost by acquiring cores directly from clients. In a different scenario, these cores can be stored in deposits by an intermediate actor that will sell them to the one responsible for performing remanufacturing. In both cases, there is a great probability that the costs of reverse logistics activities are added to the remanufactured product final costs.
Hence, most companies are uninterested in implementing RL. In addition, there is a lack of studies by companies to assess the effects of the practice of RL on the success of organizations, the relationship between the actors involved in the activities of reverse logistics is poorly structured, there is little closeness between the plants and the suppliers of cores, and the cost of shipping is higher due to the lower volumes transported (Ballou 2006 in [35] ).
Unlike distribution in direct logistics, which is designed to transport large volumes of the same product from the manufacturer to a few local clients, in reverse logistics, the product mix may vary considerably and the volume may be very low. This can make economic transportation difficult to achieve [29] .
Another aspect to consider is the fact that, contrary to the situation in direct logistics, cores are not packaged and are therefore unprotected and susceptible to damage, which limits their recovering. Therefore, a packaging system is necessary to protect the product's residual value [29] . Pires [35] points out some characteristics specific to RL, which affect its efficiency:
• A convergent network structure, i.e., products from numerous sources and with few destinations; • Geographically dispersed sources, usually not homogeneous in quantity, availability, and quality of product and/or parts with each other and over time, making planning activities difficult; • Difficulty in achieving an economy of scale due to the small quantity of products collected from each source; • Higher tendency for products to stay longer in reverse channels, resulting in higher inventory, transport, and storage costs, as well as reduced income due to the possibility of product obsolescence and degradation; • Entrance of products into the flow that should not enter (e.g., products that cannot be reused), generating unnecessary costs; • When the client is the core supplier, RL depends on his willingness to cooperate and reinsert the postconsumer material into the reverse logistics flow.
For Lacerda [36] , the main factors that influence the efficiency of reverse logistics activities are good input and output controls, mapped and formalized processes, short cycle times, accurate information systems, planned logistics network, and collaborative relationships between clients and suppliers.
Element 3: information flow in the remanufacturing system Characteristics
The main role of the information flow in the remanufacturing system is to deal with uncertainties concerning the return of products. An efficient information flow is an important tool to reduce these uncertainties and to help establish an effective system.
Due to the characteristics of the remanufacturing system, the information required for planning the system becomes accessibly very late, hampering its operation. If the remanufacturer does not reduce the lead time of information, the coordination of the remanufacturing operations and reverse logistics is impaired, thereby increasing the costs of the system [6] . Information about the product is important both in planning the reuse activities and in avoiding the transportation and reprocessing of products that have no potential to be recovered.
Difficulties and practices
To reduce these uncertainties and their consequences on the remanufacturing system, the remanufacturer must manage the following information [6] :
• Which products should be returned to the remanufacturer? • When will these products arrive?
• Where are these products located?
• How many of these products can be remanufactured?
According to Thierry et al. [3] , information related with product return management can be classified in four categories:
• Information about the composition of the product:
types of material, their quantities, value, potential of harmfulness to nature, and how the different types of materials are combined. • Information about the magnitude and uncertainty of the return flow: according to the type of commercialization chosen for the product, e.g., traditional sale, leasing, rental. • Information about the market for remanufactured products: the perceived difference in the quality and cost of remanufactured and new products affects the acceptance of these products. • Information about how product returns are currently done includes an analysis of the organizations involved, the obstacles, and the quantity of product that is remanufactured (for each returned product), the costs, and the overall environmental impact of the remanufacturing system.
Most companies experience difficulties in obtaining accurate information about aspects of product return management in their supply chains. However, companies can obtain such information by collaborating with their suppliers and others in the chain. To obtain this information, it is essential to deal with issues involving the characteristics of the product, the supply of cores, and the demand for remanufactured products, and to balance the supply and demand. Obtaining and processing this information require the development of an adequate information system [3] .
Element 4: employees' knowledge and skills in remanufacturing Characteristics
From the moment of contact with the supplier, acquisition, collection of cores (transport, storage), and the phases of the remanufacturing operation (inspection, disassembly, cleaning, etc.), to the sale of the remanufactured product, the employees should be perfectly familiar with the remanufacturing system in order to deal correctly with each stage of the system.
Difficulties and practices
According to Jacobsson [6] , the success of the implementation of the remanufacturing operation often does not require a more highly qualified work force than the one in the manufacturing operation, but the qualifications required in each of these operations are different. In the remanufacturing operation, the employees should be trained and qualified to deal with variability and uncertainties, especially insofar as quality and quantity of cores are concerned.
Uncertainties lead to situations in which resources will sometimes be scarce and at other times abundant, thus requiring people with a good vision of the overall operation and with the necessary flexibility to deal with the different stages of the operation [37] . For the aforementioned authors, both qualified and non-qualified employees are necessary since non-qualified people are usually better able to think outside the box and contribute with new ideas.
Training for the remanufacturing operation should preferentially be given by the remanufacturing company itself which can train its employees according to the specificities of its operations and the characteristics and complexity of the product. For example, employees responsible for disassembling products should take them apart without damaging them. Cleaning, handling the product, and assembling it require less specialized qualifications, less precision, experience, and skills than inspection and testing [6] .
Element 5: the remanufacturing operation Characteristics
The remanufacturing operation begins with the arrival of the core at the remanufacturer's facilities, where it will go through several stages that include its complete disassembly, cleaning of its parts, inspection, reconditioning of the parts that will be reused, replacement of non-remanufacturable components, and assembly, resulting in a remanufactured product. This product is then tested to ensure that its quality is equivalent to that of a new product [16, 31, 38] . The order of these activities may differ according to the characteristics and type of the product [16] . It should be noted that, in this paper, the steps of reconditioning and replacement of used parts for new ones, with or without possible product updates, will be called reprocessing.
Next, a brief description of the stages of remanufacturing operation is given, according to Steinhilper [39] :
• Product disassembly: The purpose of this stage is the total disassembly of the product. This is one of the most time-consuming activities due to its degree of complexity. • Cleaning of the components: Each of the components is cleaned with a different cleaning product, according to the material composing it. Four process variants can be cited that contribute to this cleaning: chemical effects (e.g., detergents), influence of temperature (e.g., heat), mechanical action (e.g., removal by high-pressure water jetting), and time (e.g., duration of the process).
• Inspection and storage of components: This stage
proposes an identification to classify the components as well as an inspection to determine which should be replaced or allocated for other purposes, such as cannibalization, repair, reconditioning, or recycling. Storage refers to the site where the material will be deposited for subsequent assembly of the products. • Reconditioning and replacement of components and parts (reprocessing): Components and parts are recovered. Therefore, some of them are replaced with new ones because they do not satisfy the minimal requirements to ensure the quality of the remanufactured product. • Product reassembly: This consists of the assembly of the remanufactured product. A final test will ensure that the remanufactured product performs similarly to a new one, with the same characteristics, functionalities, and quality.
Steinhilper [39] states that the final test should not be considered a step but a certification that the product will have the same characteristics as a new one. The stages of the remanufacturing operation may follow a different order, depending on the type of product to be remanufactured.
Difficulties and practices
Remanufacturing operations require lower investments than manufacturing operations since the number of new parts produced is smaller, and a large part of the efforts and resources required has already been invested by the original manufacturer (Lund and Skeels 1983 in [4] ).
Element 6: commercialization of the remanufactured product Characteristics
This element encompasses sales, distribution, and relationship with the client who bought the remanufactured product. Additionally, it explores potential market segments and strategies to increase the attractiveness of remanufactured products.
Remanufactured products can be commercialized in different ways. Some companies may choose to sell them, while others will turn to leasing, using them as replacement products for warranties or selling their functionality to the client. The clients' preferences, the nature of the product, and its technical maturity are the main factors that influence the decision about which channel to use.
Atasu et al. [40] conducted a study involving a marketing approach to remanufacturing, related with the market demand for remanufactured products. These authors treat remanufacturing as a strategic marketing tool that strongly enhances the company's competitive advantage, which differs from the idea of remanufacturing as cost savings or an obligation with legal implications. The authors concluded that the main factors that influence the decision to remanufacture are competition, market growth, and increase in the 'green' range of the market.
An important decision about the commercialization of remanufactured products is whether or not they will be sold through the same distribution channels as new products. Because remanufactured products cost less than new products, they may cannibalize the sales of new ones. Therefore, many companies do not offer remanufactured products together with new ones. This is the case of Dell, Inc. (Round Rock, USA), which has a separate site for the sale of remanufactured products (www.delloutlet.com). On the other hand, selling remanufactured products together with new ones enables companies to better segment their market and to sell also to clients who cannot afford new products [41] .
Difficulties and practices
Few studies explain how to place remanufactured products on the market [6] . In this regard, remanufacturers face major challenges because even though there is an increasing demand for environmentally attractive products, the remanufactured product contains parts, components, or materials that have been used previously. Therefore, marketing strategies must be adapted to market this product, especially with respect to issues such as below [6] :
• Market segment: Lower prices for products with the same performance as new ones expand the market range by making them accessible to clients who cannot afford new original products. • Buying behavior: The remanufactured product offers the same functionality as a new product, at a lower price, but may not offer the client the same shopping experience. • Client profile: Issues involving 'fashion' and 'currentness of the fashion' also affect remanufacturing. Clients may prefer the latest version of the product, regardless of the quality and cost of the remanufactured alternative. Some clients demand novelty, and the selection and purchase of new products is a lifestyle. • Perception about the product: Even if the price of remanufactured products is lower, some clients are not interested in them because of a perceived risk. • Warranty: Remanufactured products should come with a guarantee that they meet the client's needs just like a new product would. • Complementary services, e.g., warranties and maintenance.
From the standpoint of how the remanufactured product is commercialized, it has been demonstrated that the product-service system (PSS), through leasing or the offer its functionality, appears to be a promising approach [27] . Therefore, from the marketing point of view, products whose function is prioritized by the client are the most suitable ones for remanufacturing [6] .
PSS can be defined as the result of a strategic innovation in the business model of companies, in which the focus shifts from the design and sale of physical products to the offer of a system of products and services that, together, can meet customer expectations. Moreover, the value is functionality rather than the physical properties of individual products [42] .
The PSS is based on a fundamental change in the relationship between the manufacturers and consumers of a product and/or service. Instead of focusing on the traditional form of sale, consumption, and disposal of the product, the PSS focuses on the delivery of a function to the client, which means a combination of products and services that, together, meet the client's needs [43] .
Another important point is the need to gain the client's confidence in the remanufactured product. In a case study with a manufacturer of copier machines, which remanufactures its products, it was observed that the sales department faces challenges to persuade customers of the equivalent quality of remanufactured and new copiers [3] . Thus, ensuring the performance, reliability, and quality of remanufactured products is essential to creating and sustaining the demand for them.
Results and discussion
Analyzing the literature and characterizing the elements of the system, one sees a considerable interdependence and interaction among the elements. Firstly, with regard to the RSC, several points are relevant.
The degree of structuring of a RSC can be defined based on the existence of structured organizational practices of core returns, the relationship and information exchanged among companies that belong to the reverse chain, and the level of resources these companies make available, e.g., employees' skills in remanufacturing [6, 21, 32, 44] . The proper management of reverse chains also serves as an excellent source of information about clients' expectations and habits, contributing for the company to provide differentiated services and to increase the value perceived by its clients [21] .
A relationship with the core supplier can augment information about the product's remanufacturing conditions, since the remanufacturer will have knowledge about the performance of the product during its service life. This knowledge is useful for the remanufacturing operation as well as for the improvement of the conception of the product as a whole and for remanufacturing (design for remanufacturing).
Still with regard to the RSC, the activities of reverse logistics require skills and information to correctly carry out the transportation, storage, and warehousing of cores. Information about the volume, condition, and time of return of products is also essential for planning the remanufacturing operation.
It is essential for the employees involved in the commercialization of the remanufactured product to be properly trained, to inform the client about the benefits of the product, about what remanufacturing is and how it works, and to dispel doubts regarding the quality of the product [41] .
It is also clear that an efficient information flow is necessary to underpin the relationship of the core supplier with the remanufacturer, since information about the availability and quality of the core is essential for the remanufacturing system to work properly, particularly for the planning of remanufacturing operations. Information flow between the remanufacturer and the designers of the product is also essential in case of doubts emerging during the remanufacturing operation about how the product was designed, or even for suggestions to be made to the designers, aimed at improving the design for remanufacturing.
It is also clear that the skills, knowledge, and experience of employees involved in the stages and activities of the remanufacturing system are important. The literature places particular emphasis on the importance of employees qualified for the steps of the remanufacturing operation, since this is when the used product undergoes the transformations needed to turn it into a remanufactured product with the same quality as a new one [6, 37, 45] .
In addition, the type of product and its complexity, which are issues of design for remanufacturing, influence the sequence and difficulty of the stages of the remanufacturing operation [38] . Jacobsson [6] also mentions the importance of the qualifications of the work force for the design for remanufacturing and to deal with the financial and legal aspects of remanufacturing.
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